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ABSTRACT 

The Carexjarncsii complex is composed of three species; C jhmcsii, C. junipcrorum. and C timida. 
Despite the morphological similarity of C jainesH and C.timidcc these two taxa are not closely linked 
in a cluster analysis using genetic identity values. Rather, C. timida is grouped with C.junipavrum. 
The close genetic similarity between these two species confirms the lindings oi a previous phyloge- 
netic study that showed that C. juniperorum and C timida are sister species. Carex tiriiida popula- 
tions from the Ouachita Mountains of Arkansas are genetically unique and blur the distinctiveness 
between the latter species and C. juniperorum. Such a finding could be a sampling artifact. Alterna- 
tively, the plants found in the Ouachita Mountains may be closest to the ancestor that gave rise to C 
juniperorum and C timida. A comparison of genetic, phylogenetic, and phenetic relationships pro- 
vides insights into the delineation of infraspecilic taxa and justilication for the recognition of C ti mida 
at the species level. 



ABSTRACT 

rd complejo Carex Jamesii esta compuesto por tres especies: C. jamesii, C. juniperorum, y C. timida. A 
pesar de la semejanza morfologica de C. jamesii y C. timidu,estosdostaxa noestan fuertemente unidos 
en un analisis cluster usando valores de identidad genetica. Hn su lugar, C. timida esta agrupadocon 
C. juniperorum. La fuerte similitud genetica de estasdos especies coni irma los hallazgosde un estudio 
filogenetico previoque mostroque C. juniperorum y C. timida son especies hermanas. Las poblacioncs 
de Carex timida de la montanas Ouachita de Arkansas son geneticamente singulares y enturbia la 
distincion entre la ultima especie y C. juniperorum. Tal hallazgo puede ser un artelacto de muestreo. 
Alternati vamente, las plantas que se encuentran en las montanas Ouachita pueden ser mas cercanas 
al ancestro que dio lugar a C. juniperorum y C. timida. Una comparacion de las relaciones geneticas, 
filogeneticas, y feneticas proporcionan una mejor comprension de la delineacion de los taxa 
infraespecificos y la justificacion para el reconocimiento de C. timida a nivel especifico. 



INTRODUCTION 

Carex L. section Phyllostachyae Tuck, ex Kiik. is a well-defined group of 10 species 
(C. backi i Boott; C basiantha Steud.; C. jamesii Schwein.; C. juniperorum Catling, 
Reznicek, & Crins; C. latehracteata Waterfall; C saximonta na Mack.; C. superata 
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Naczi, Reznicek, & B.A. Ford; C. timicla Naczi & B.A. Ford; C willclcnowi i Willd.; 
C. sp. nov. Saarela & B.A. Ford) that is endemic to lorested and semi-iorested 
habitats in North America. This section has been the subject ol considerable 
systematic research (Catling ct al. 1993; Fmrd et al. 1998a, 1998b, 1998c; Naczi ct 
al. 1998; Starr et al. 1999; Naczi & Ford 2001; Saarela and Ford in 
new insights having been gained not only into the taxonomy, phylogeny, and 
genetic structure ol this section, but the genus Carcx as a whole. One of the 

our research has been the discovery ol a propor- 
tionately large number ol undetected or undescribed species. These new spe- 
cies turn out to be members ol widespread species complexes that are masquer- 
ading under a single name. Undetected species 
plants Irom the northeastern and central United States and adjacent Canada 
are compared with specimens Irom the southeastern United States or western 
North America. This trend wasevident in our earlier studvol theC willdcnowii 



most Line.x 





com plex CC willdcnowii s.snwC. hcisiantlui: Csupcrutu)(Ford ct al. 1998c; Naczi 
et al. 1998) and most recently in our investigation ol C. iomcsH s. 




mc.sii 



s. str.; C.Jnnipcronim; C.timida) (Naczi Cr Ford 2001) and C. hackii (C. heickii s. 
str; C. ^cixi own tuna: C. sp. nov.) (Saarela <Si Ford in press). 

I he C.Jcnncsi i complex is a well-delincd, monophyletic assemblage ol taxa 




x'les m section 



(Ford et al. 1998b; Starr et al. 1999) distinguished Irom 
PhYllostuchYUC by a combination ol lililorm stigmas, pistillate scales that do 
not conceal the perigynium, and perigynium bodies that are abruptly con- 
tracted into a beak. Molecular studies indicate that all three species share iden- 
tical nS sequences (Starr et al. 1999; Starr pers. comm.). Morphologically, C. 
jnnipaonun isthc most divergent member ol thiscomplex being distinguished 
by its numerous perigynia(4-9 per inllorescencc), short culms(< 1/3 the length 
ol the leaves), and lack ol hyaline margins on the pistillate scales. Carcx janicsii 

:w perigynia (1-3 per ini lo- 



and C. I iniiila arc characteri 





longatc culms (subequal to the length ol the leaves), and pistillate 
scales with conspicuously hyaline margins. Both species are supciTicially simi- 
ar bur can be readily distinguished by dillercnces in cataphyll epidermal cel 
morphology, sheath color, and proximal staminate scale length. 

Isozyme analysis has provided important ancillary data lor systematic 
studies ol Carcx and in particular lor recent taxonomic investigations ol spe- 
cies complexes in section Phyllostachyac (Ford et al. 1998a, 1998b, 1998c). The 
intent ol this study was to: I) assess the taxonomic status ol C. liniida using 
isozyme data; 2) determine the degree ol genetic divergence within and between 
species in the C Janicsii complex; and 3) compare the phylogenetic inlerences 

I rom isozyme data to the evolutionary hypothesis proposed by Naczi and Ford 
( 2001 ). 
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MATERIAI-S AND METHODS 

A total of 649 individuals were collected from 26 populations (16 ol C.jamesii, 
4 of C.juniperorum, and 6 o[ C.timida) (Table 1). Our study included all C.jcitnesii 
and C.juniperonim populations examined by Ford et al. (1998a, 1998b) plus 
additional populations of C.jamesii and C. timida that were collected after the 
completion of these studies. The methodology for Held sampling and enzyme 
analysis follows that of Ford et al. (1998c). Eleven enzymes coded by 15 inter- 
pretable, putative loci were included in this study. The 15 loci and their associ- 
ated alleles were: aspartate aminotransferase, A AT-1 (a); diaphorase DlA-1 (a to 
e), DlA-2 (a); glucose- 6 -phosphate isomerase, GPl-2 (a to f); leucine aminopep- 
tidase, LAP-1 (a to c); malate dehydrogenase, MDH-1 (a to b), MDH-2 (a to c); 
menadione reductase, MDR (a to b); peroxidase, PER-2 (a); phosphoglucomu- 
tase, PGM-1 (a to e), PGM-2 (a to e); shikimate dehydrogenase, SKD (a to c, allele 
c is a null allele observed in population 20 of C. timida); superoxide dismutase, 
SOD (a to b); and triose-phosphate isomerase, TPl-1 (a to d), TPl-2 (a to c). Allele 
frequencies, Nei’s unbiased genetic identities (0 (Nei 1978), and an UPGMA 
(unweighted pair-group method) phonogram were calculated using BlOSYS-1 
(Swofford & Selander 1981). Total genetic diversity for each species (Hr), aver- 
age diversity within (H 5 ) and among populations (Dst), and the coeflicient ot 
genetic differentiation (Gsr) were calculated using Nei and Chesser’s (1983) 
procedure, unbiased for sample size, using GENESTAT-PC v. 2.1 (Lewis & 
Whitkus 1989). These analyses included both monomorphic and polymorphic 
loci in their calculations. 



RESULTS 

A total of 15 putative loci were surveyed in this study with all loci, expect A AT-1, 
D1 A-2, and PER-2 being polymorphic in one or more populations. Carexjamesi i 
had 12 polymorphic loci, while 9 variable loci were found in C.juuipewrum and 
C. timida. Carexjamesi i also had the greatest allelic diversity with 42 alleles 
identified, while 30 and 31 different alleles were observed in C. Juniperorum 
and C. timida, respectively. With the exception of unique alleles lor PGM-1, the 
allozymes found in C. timida and C. Juniperorum were a subset ol those found 
in C.jamesii (Table 2 ). 

Genetic variability statistics fell within the range previously reported for 
C.jamesii and C.juniperorum (Ford et al. 1998a) (Table 3). The mean number of 
alleles per locus (K) ranged from 1.2 in C.Juniperorum and C. timida (popula- 
tion 52, Hastings Co., Ontario and population 53, Monroe Co., Kentucky, respec- 
tively) to 2.1 in the Campbell Co., Kentucky population of C.jamesii (popula- 
tion 2). The percentage of polymorphic loci (P) was variable and ranged from 
20.0 in the Monroe Co., Kentucky population of C. timida (population 53) to 
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Tablf I. Collection data for populations of the Carexyames/V complex. Population codes are referred 
to parenthetically following each citation. Vouchers are deposited in WIN except where noted. 



Carex jomesii Schweinitz 

CANADA. ONTARIO. Essex Co.: Anderdon Twp., 5 km NE of Amherstburg, 22 May 1 994, Ball 940526 
(22). Niagara Regional Mun.: Louth Twp., Twenty Mile Creek, Jordan, 1 3 Jun 1 979, Ball 79039 (PWB 
in TRIE (3 1 ). Waterloo Co.: Wilmot Twp., 8 km W of New Dundee on the Nith River, 3 Jun 1 982 Ball 
82074 (PWB in TRTE) (32). U.S.A. ARKANSAS. Franklin Co.: ca. I mi N of Cecil, Citadel Bluff Army 
Corps of Engineers Park, 19 May 1 994, A/acz/ T 923 & Ford (21). Newton Co.: ca.3 mi NE of Boxley,i osl 
Valley Recreation Area of Buffalo National River, 19 May 1 994,A/ocz/ 39/7& Ford (13). Scott Co.:ca.2 
mi N of Y City, W of route 71 and S of Fourche La Pave River, 20 May 1994, Naczi 3939 & Ford (18). 
INDIANA. Grant Co.: Taylor University Arboretum, SW edge of Upland, 1 7 May 1994, fiofdrocF 3255 
(9);Stellers Road, 1 .3 mi N of Matthews, 1 7 May 1 994, Rothrock 3254 (8). KENTUCKY. Boone Co.: 3 air 
mii S of Petersburg, ca. 0.3 mi W of route 20 along S side of Woolper Creek, 12 Jun 1 994, Wocz/ 4096 
(39). Campbell Co.: Highland Heights, 10 May ]994, Naczi 3826 (2); Silver Grove, N of roiite 8, flood 
plain of Ohio River, opposite St. Anne s Convent, 12 May ]99S, Naczi 4575 & Ganss (51). Mason Co.: 
ca.2 air mi W of Dover, along S side of route 8,29 May ]994, Naczi 4027 & Flynn (33);ca.2 air mi W of 
Dover, along S side of route 8,29 May ]994, Naczi 4028 & Flynn (34). MISSISSIPPI. DeSoto Co.:ca.2 
mi N of Walls, along E side of route 61 , 25 May 1 994, Naczi 4026 et al. (24). OHIO. Montgomery Co., 
SW of Earnaersville, E side of Anthony Road, 0.3 mi SW of its junction with Manning Road, 29 May 
1998, Ford 981 52 & Naczi (57). VIRGINIA. Bath Co.: ca.0.4 mi S of Healing Springs, along W side of 
route 220,23 Jun \994, Naczi 4482 &Fhieret [4]). 

Carex juniperofum Catling, Reznicek, & Crins 

CANADA. ONTARIO. Hastings Co.:Tyendinaga Twp., E side of Salmon River, ca. 1 5 km W of Napanee, 
24 Jul 1 995, Ford 9566 et al. (52). U.S.A. KENTUCKY. Bath Co.: ca. 5 air mi ESE of Owingsville, 1 6 May 
1 994, Naczi 3890 (5). Lewis Co.: ca. 3.5 air mi ESE of Trinity, 5 May 1 994, Naczi 3808 el al. (1 ). OHIO. 
Adams Co.: ca. 3 air mi NE of Peebles, 1 6 May 1 994, Naczi 3878 (7). 

Carex timida Naczi & B.A. Ford 

U.S.A. ARKANSAS. Polk Co.: SW of town of Rich Mountain on summit of Rich Mountain, Queen 
Wilhelmina State Park, along N side of route 88, in vicinity of trailhead of Spring Trail, 20 May 1 994, 
Naczi 3940 & Ford (20);ca.8 mi E of Vandervoort, N of route 246 and E of Cossatot River, 20 May 1 994, 
Naczi 3949 & Ford (16). KENTUCKY. Monroe Co.: SE ofTomkinsville,along the W side of route 216,6 
road mi E of its junction with route 163, along McFarland Creek, 23 May ]998, Ford 98100 & Naczi 
(53). Rowan Co.: ca.6.5 air mi S of center of Morehead,ca.0.25 mi down slope from W side of route 
1274, Lipslope from Sugar Camp Branch, ca. 1.3 road mi N of junction of routes 1274 and 801, 28 
May 1 998, Ford 98145 & Naczi (55). OHIO. Montgomery Co.: SW of Farmersville, E side of Anthony 
Road, 0.3 mi SW of its junction with Manning Road, 29 May ]998, Ford 981 53 & Naczi (56). TENNES- 
SEE. Franklin Co.: S of Huntland, along E side of route 97, 2.6 road mi S of its junction with route 
122,24 May ] 998, Ford 98108 & Naczi (54). 



73.3 in the Grant Cca., Indiana population of C. janiesii (population 8). The aver- 
age observed heterozygosity vv^ithin populations (HoFs) ranged from 0.137 in the 
Bath Co., Virginia population of Cjaniesii (population 41) to 0.336 in the Grant 
Co., Indiana population ol this same species (population 8). The expected het- 
erozygosity in each population based upon Hardy- Weinberg expectations 
(Hcxp) was less than that observed in each population with values ranging from 
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Table 2. Allozyme frequencies for polymorphic loci in Corex jomesiiXJuniperorum, and C. timido as 
averages for each species (except where noted). A/ = number of individuals used in the calculation 
of averages. 



Locus 


Allele 


Cjamesii 

(/V=383) 


Cjuniperorum 
(/V = 112) 


C. timida 
Pop. 53-56 
(N = 98) 


C timida 
Pop. 16 
{N = 24) 


C timida 
Pop. 20 
(A/ = 32) 


DIA-1 


A 


0.360 


0.509 


0.500 


0.500 


0.484 




B 


0.026 


— 


— 


— 


0.016 




C 


0.391 


0.246 


0.398 


0.500 


0.484 




D 


0.001 


0.009 


— 


— 


— 




E 


0.221 


0.237 


0.102 


— 


0.016 


GPI-2 


A 


0.297 


— 


— 


— 


— 




B 


0.124 


0.500 


0.500 


0.500 


0.500 




C 


0.159 


— 


— 


— 


— 




D 


0.409 


— 


— 


— 


— 




E 


0.009 


0.500 


0.372 


0.500 


0.500 




F 


— 


— 


0.128 


— 




LAP-1 


A 


0.008 


0.019 


— 


— 


— 




B 


0.987 


0.972 


1.000 


1.000 


1.000 




C 


0.005 


0.009 


— 


— 


— 


MDH-1 


A 


0.537 


0.960 


1.000 


0.979 


0.984 




B 


0.463 


0.040 


— 


0.021 


0.0.16 


MDH-2 


A 


0.026 


0.054 


1.000 


1.000 


0.938 




B 


0.026 


0.009 


— 


— 


0.031 




C 


0.948 


0.938 


— 


— 


0.031 


MDR 


A 


0.057 


— 


— 


— 


— 




B 


0.943 


1.000 


1.000 


1.000 


1.000 


PGM-1 


A 


0.020 


— 


— 


— 


— 




B 


0.095 


— 


— 


— 


— 




C 


0.885 


— 


— 


1.000 


— 




D 


— 


— 


1.000 


— 


— 




E 


— 


1.000 


— 


— 


1.000 


PGM-2 


A 


0.054 


0.063 


— 


— 


— 




B 


0.534 


— 


— 


— 


— 




C 


0.003 


0.938 


— 


0.625 


1.000 




D 


0.363 


— 


— 


— 


— 




E 


0.047 


— 


1.000 


0.375 


— 


SOD 


A 


0.979 


0.977 


1.000 


1.000 


1.000 




B 


0.021 


0.023 


— 


— 


— 


SKD 


A 


0.005 


— 


0.194 


1.000 


— 




B 


0.995 


1.000 


0.806 


— 


— 




C 














(nu allele) 


— 


— 


— 


— 


1.000 
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JAm 2. cont. 



Locus 


Allele 


C.jamesii 
(W = 383) 


(.juniperorum 
(A/ = 112) 


C timida 
Pop. 53-56 
(N = %) 


C, timida 
Pop. 16 
(A/ = 24) 


C timida 
Pop. 20 
(A/ = 32) 


TPI-I 


A 


0.009 


0.004 


0.372 


0.167 


0.469 




B 


0.337 


0.991 


0.628 


0.833 


0.469 




c 


0.631 


0.004 


— 




— 




D 


0.023 


— 


— 


— 


— 


TPI-; 


A 


0.004 


0.504 


0.372 


0.500 


0.484 




B 


0.449 


0.004 


0.128 




0.016 




c 


0.547 


0.491 


0.500 


0.500 


0.500 



0.082 in the Bath Co., Virginia population of C.jamcsii (population 41) to 0.261 
in the Mason Co., Kentucky population of this same species (population 34). 

Gene diversity statistics (Table 4) indicated that C jiwipavnwi had the 
lowest total gene diversity (Hj) (0.135), while that for C. janiesH (0.265) and C. 
liniidci (0.247) wasahnost twice as great. A similar trend was seen within-popu- 
lations(H5), with the lowest value found in C.Junipcroriwi while much higher 
values were observed in C. jamesii (0.188) and C. liniicJa (0.141). 

The gene diversity among populations (D57) and coel I icient c:>f genetic dil - 
lerentiation iGsr) were also variable with extremely low values found in C. 
Jiinipcrorum ( 057 = 0.007, G,s'/ = 0.049), while relatively high values were asso- 
ciated with C.Jcinu'si i (Dsr= 0.077, Gsj = 0.290) and C. t i mida {Dsr = OTOC"), Gsr 

= 0.429). Taken together these numbers indicate that species within the C 
Jciniesii complex harbor as little as 57.1% (C. liniida) to as much as 95.1% (C. 
juniperorum) ol their genetic diversity within populations. 

Intra-specil ic genetic identity values were variable, and in some instances 
surprisingly low (Table 5). Average values ranged from 0.990 for C. juni perorum 
to 0.852 in C.t iniida. The low value found in this latter species was largely the 
result of the presence of unique alleles for the isozymes PGM-1, PGM-2, and 
SKP) in the Arkansas populations (populations 16 and 20) of this taxon (Table 
5). No activity was observed lor SKD in population 20 suggesting that these 
plants may have Ic'ist the ability to express this enzyme phenotype. 

Inter-specilic genetic identity values were lower than those observed within 
species and ranged from 0.655 (G.jamcsi i and C ti m ida) to 0.760 (C. ju n i peroru m 
and C. t imidu) O'able 5). These lower values can be attributed to the presence of 
diagnostic or high frequency alleles in all species. Alleles for the isozymes MDH- 
2, PGM-l,and PGM-2 helped to differentiate C.Jcwu'sii from C.tinuda and/or C. 

ic identity between C. junipcivruni and 
C.tinuda was the result of the presenceof similar alleles for PGM-1 and/or PGM- 
2 in Arkansas populations of C. timida and populations 



JU III perorum 





rorum. All 
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Table 3. Genetic variability in 26 populations of the Carex jamesii complex: sample si/e (/V), mean 
number of alleles per locus ± SE (k), percentage of polymorphic loci ± SE (P) (a locus is considered 
polymorphic if the frequency of the most common allele does not exceed 0.99), observed het- 
erozygosity ± SE expected heterozygosity ± SE (Unbiased estimate Nei [1978]). 



Population # 


N 


k 


P 




"exp 


Carex jamesii 
2 


38 


2.1 ±0.3 


66.7 


0.21 1 ± 0.095 


0.195 ± 0,061 


8 


31 


1 .9 ± 0.2 


73.3 


0.336 ±0.1 23 


0.250 ± 0.069 


9 


30 


1.9 ± 0.3 


53.3 


0.329 ±0.121 


0.253 ±0.073 


13 


30 


1.7 ±0.2 


53.3 


0.264 ±0.1 16 


0. 1 68 ± 0.058 


18 


26 


1.5 ±0.2 


33.3 


0.262 ±0.1 16 


0.149 ± 0.060 


21 


34 


1.5 ±0.2 


40.0 


0.259 ±0.1 14 


0.147 ± 0.060 


22 


13 


1.3 ± 0.1 


33.3 


0.333 ±0.126 


0.173 ±0.066 


24 


31 


1.9 ±0.3 


46.7 


0.252 ± 0.1 1 1 


0.181 ±0.065 


31 


24 


1 .9 ± 0.3 


53.3 


0.331 ± 0.125 


0.198 ±0.066 


32 


19 


1.7 ±0.2 


60.0 


0.270 ± 0.1 14 


0.163 ± 0.058 


33 


20 


1.7 ±0.2 


53.3 


0.333 ±0.124 


0.217 ±0.064 


34 


9 


1 .8 ± 0.2 


60.0 


0.341 ±0.1 18 


0.261 ± 0.069 


39 


18 


1.4 ± 0.2 


33.3 


0.333 ±0.126 


0.1 79 ±0.068 


41 


34 


1.4 ±0.2 


26.7 


0.137 ±0,090 


0.082 ± 0.082 


51 


12 


1.4 ± 0.2 


33.3 


0.333 ±0.126 


0.177 ± 0.067 


57 


14 


1 .6 ± 0.2 


40.0 


0.310 ± 0.1 18 


0.216 ± 0.07? 


Carex juniperorum 


1 


34 


1.7 ± 0.2 


46.7 


0.214 ± 0.106 


0.164 ± 0.058 


5 


27 


1.7 ± 0.2 


53.3 


0.208 ±0.1 03 


0.131 ± 0.052 


7 


29 


1 .4 ± 0.2 


33.3 


0.205 ±0.105 


0.1 15 ± 0.054 


52 


22 


1 .2 ±0.1 


20.0 


0.200 ±0.107 


0.102 ± 0.055 


Carex timida 


16 


24 


1.4 ± 0.1 


40.0 


0.231 ±0.105 


0.1 56 ±0.059 


20 


32 


1.7 ± 0.3 


40.0 


0.265 ±0.1 16 


0.153 ±0.062 


53 


25 


1.2 ±0.1 


20.0 


0.200 ±0.107 


0.102 ±0.055 


54 


20 


1.3 ±0.1 


26.7 


0.267 ± 0.1 18 


0.137 ±0.061 


55 


26 


1.3 ±0.1 


26.7 


0.267 ±0.1 18 


0.136 ± 0.060 


56 


27 


1.3 ±0.1 


33.3 


0.267 ± 0.1 18 


0. 1 64 ± 0,062 



populations of C. timida could be distinguished Irom C.juniperorum by the 

presence of the allele MDH-2a (Table 2). 

A cluster analysis of populations using Nei’s (1978) unbiased genetic iden- 
tity values indicated the presence of two distinct groups, one corresponding to 
C. jamesii and a second to C. juniperorum/tim ida. Syntopic populations of C. 
fcmiesii and C timida (population 56 and 57) were separated with no interme- 
diates being detected. Within the second cluster, C.juniperorum and C timida 
formed indistinct groups owing to the allelic similarity of the two Arkansas 
populations of C timida with C.juniperorum (Fig. 1). 
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1 ABLE A. Gene diversity statistics for the Carexjamesii complex. /-/, = total gene diversity, H, - within 

population gene diversity, gene diversity among populations,G , = coefficient of genetic dif- 
ferentiation. 



Species 


Hr 


Hs 


Dsr 




Carex jomesii 


0.265 


0.188 


0.077 


0.290 


Carex juniperorum 


0.135 


0.128 


0.007 


0.049 


Carex timida 


0.247 


0.141 


0.106 


0.429 



I ABLE 5. Matrix of genetic identity coefficients (range) for all pairwise com 
lations (N) of the Carex jamesii complex. 


parisons of sampled popu- 


Species 


N 


C. joimii 


( . juniperorum 


C. timida 


Carex jamesii 


16 


0.901 










(0.697-1.000) 






Carex juniperorum 


4 


0.744 


0.990 








(0.683-0.834) 


(0.985-1.000) 




Carex timida 


6 


0.655 


0.760 


0.852 






(0.545-0.779) 


(0.695-0.845) 


(0.717-0.984) 



DISCUSSION 

Taxonomic and Phylogenetic Implications 

Our isozyme study provudes allelic data that supports the recognition of three 
species in the C.jcimcsii complex (cf . Naezi & Ford 2001). Each species isdistin- 
guished by at least one unic|ue or high trequency allele, and with one exception 



(see below), each forms a distinctive group in the cluster analysis of genetic 
identity values. Despite the morphological similarity of C.Jamesi i and Ctimida, 
these two species were consistently separated in the cluster analysis. Even when 
these species occur in mixed populations (e.g., populations 56 and 57), no inter- 
mediates were detected. 

Phylogenetic relationships within section Phyllostachyae have been ex- 
plored in a number ol papers, with Naezi and Ford (2001) having investigated 
the relationship ol the newly described C.tiniiclu to other members of the sec- 
tion. Despite the morphological similarity of C.jamesii and C timida, this study 
suggests that C timida and C.Junipcrorum are sister species and that C. jamesii 

is basal to this clade. Our genetic distance analysis of isozyme data substanti- 
ates this hypothesis. 

The discovery ol genetically unique populations of C. timida from the 
Ouachita Mountains of Arkansas, which blur the distinctiveness between the 
latter species and C.junipcrorum, wassurprising, especially since morphologi- 
cally these plants have been shown to be C.ti mida (Naezi and Ford 2001). There 
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Fig. 1. Phenogram of 26 populations of the Carexjamesii complex using Nei's (1978) unbiased genetic identity values 
and UPGMA cluster analysis. * = type locality for C. timida. Cophenetic correlation coefficient = 0.91 5. 



are, however, a number of possible explanations for this finding. One possibil- 
ity is that the lack ol distinct groups is a sampling artifact. If more loci had 
been surveyed, other diagnostic alleles, such as MDH-2a, might have been found 
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resulting in thelormationol more distinctive clusters. Another possibility is that 
the C. tiniiJci populations sampled Irom the Ouachita Mountains (especially 
population 20) are closest to the ancestor that gave rise to C. junipnvyuni and 
C. t i mi Jc(, accounting lor their unique positions in the cluster analysis. Alterna- 
tively, C junipcrorum could have arisen from a population, or populations, of C 
limidu similar to those found in western Arkansas. The Ouachita Mountains 
are a recognized glacial refugium and a center of endemism (Robinson & Allen 
1905), a number ol narrowly distributed plant and animal species occur in this 
region (Krai & Bates f991; Robinson &r Allen 1995). Many species that found 
rel uge here are thought to have moved northward following the events of Pleis- 
tocene glaciation (Robinson & A lien 1995). In some instances, these mcire north- 
eily populatic^ns became isolated from populations in the south resulting in 
the lormation ol new species (Ross &r Ricker 1971; Robinson & Allen 1995). This 
phencTiTienon could account lor the origin ol C. ju nipcronov and the occurrence 
ol genetically unique populations of C limida in the Ouachita Mountains. 



Genetic Variability and Diversity 

Table 3and 4 indicate that Cjunipcrorum possesses about half the genetic vari- 
ability and diversity lound in C. limidu and C. jumesi i. This pattern is similar to 
that lound in our study ctI C. willdcnowi i s. lat., where C. superata was thought 
to possess hall ol the variation/diversity found in the other species of thiscom- 
ple.\ due to its very short culms (could restrict pollen and seed movement) and 
lestricted distribution (limited gene How, selection due to environmental ho- 
mcTgeneity (Ford et al. 1998c). Like C. superutu, C. ju n i perorum has e.xtremcly 
short culms, with inflorescences that are cimwed in the base of the plant. Fur- 
thermore, this species is rare and occurs in disjunct regions in southern Ontario, 
Kentucky, Ohio, and Virginia (Naezi and Ford 2001). 1 he combined evidence 
suggests that lactors similar to those operating in C. superutu may be influenc- 
ing the genetic structure of C juniperorum. 

At the opposite end ol the spectrum is C. jumesii. I his is the widest rang- 
ing species in the C.Jumcsii complex and is sympatric with both Ctimidu and 
C.Junipctoi um. Curex jumesi i has the highest number of polymorphic loci (12 
out ol 15), the greatest number ol alleles, and the highest genetic variability 
and diversity values (H; and Ms) lor any species in this clade. In addition, with 

ption ol unique alleles lor PGM-1, the allozymes found in Ctimidu and 
C. Ju n i pc loi um aie a subset ol those lound in C. jumesi i. The widespread nature 
*^f C. jui}iesii, and its adaptation to a vxrriety ol climatic and ecological condi- 
tions, may be lactors contributing to the high levels of genetic diversity and 
variability lound in this species. Being only one node away from the ancestor 
that gave i ise to the C. jumesi i clade (cl. Naezi (Si Ford 2001), it is also possible 
that C. jumesii retains much of the variation found in the ancestor to this group 
accounting lor this species extensive al lelic diversity. 
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Insights into the Delineation of Infraspecific Taxa and Justification for Recog- 
nizing C. timida as a Distinct Species 

A comparison of the evolutionary hypothesis proposed in this paper with the 
superficial similarity found between C. ti midu and C.jamesi i allows us tocxplore 
issues surrounding the recognition ol intraspecific taxa and justification (or 
recognizing C timida at the species level. Int raspecil ic categories are Irequently 
used by taxonomists as a means ol recognizing poorly differentiated taxa or 
taxa distinguished by seemingly minor morphological differences. Current phy- 
logenetic methods may not be appropriate for determining relationships at this 
level since these relationships are not necessarily hierarchical and the charac- 
ters used to define taxa are not always discrete. This fact, along with problems 
associated with outgroup selection, has led most caricologists to develop in- 
fraspecific classifications using phenetic methods (e.g., Murray 1969; Reznicek 
(SrBall 1980; Crins&r Ball 1983; Reznicek 1987;Standley 1985; CrinsCr Ball 1989a, 
1989b; Ball & Zoladz 1994; Dunlop & Crow 1999). One might wish to conside 
C. timida as a subspecies of C.jamcsii because of the close morphological simi- 
larity of these two taxa. Indeed, an evaluation of the results of our phenetic 
study might have made this a tenable conclusion (cl . Naczi & Ford 2001). How- 
ever, when the results of our phylogenetic and genetic research are considered 
it is clear that the recognition of C. timida as a subspecies of C.jamcsii would 
have created a clade composed entirely of artificial taxa. While inlraspecific 
relationships are not necessarily hierarchical, infraspecific classifications do 
represent explicit phylogenetic hypotheses. This study shows that genetic and 
phylogenetic divergence is not necessarily correlated with striking morphologi- 
cal differences: morphologically similar taxa are not necessarily closely related. 

submit that infraspecific classifications based entirely on grouping mor- 
phologically similar taxa can lead to the recognition of artificial species. Fur- 
ther, we suggest that if taxa possess clear-cut differences, no matter how nar- 
row, it is best to recognize these taxa as distinct species. Infraspecific taxa should 
exhibit some degree of intergraclation thus making the identification of a sig- 
nificant number of individuals impossible even under the most perfect circum- 
stances. Using this criterion, C timida is best recognized as a distinct species. 
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